were at pasture partially or totally during spring and summer. Fifty seven herds were small 1 dairy herds that produced less than 100,000 litres/year / farm (16± 6.1 l/cow/day), with cows 2 milked once or twice per day; many of these cows were hand milked but some were machine 3 milked. These cows were at pasture all year round. 4
Farms were accessed via their veterinarian. Herds were convenience sampled, based 5 on willingness of the owner to participate, distance between the farm and the university, 6 appropriate roads to access the farms, easy access to the cows, facilities to examine the feet, 7 herd size and milk production. Dairy farms were visited once during the study. 8
The number of herds examined was calculated assuming a within herd prevalence of 9 lameness of 10% (Tadich et al., 2005 ) with a confidence level of 95% and a precision of 5%. 10
At the visits the locomotion score of all the lactating cows (n=10,699) was recorded. The 11 locomotion score was determined by two observers working together, as the cow exited the 12 milking parlour. The animal was observed standing, and walking (on a concrete surface 13 whenever possible) using the Sprecher et al. (1997) scoring system. A list of all numbers of 14 cows with locomotion score >1 was made: 20 cows were randomly selected from this list 15 proportional to the number of cows with each locomotion score in the herd. Twenty cows 16 were the maximum number of cattle that it was possible to examine in a crush in one day, 17 without interfering with the routine management of the farm. In large dairy herds the selected 18 cows (n= 676) were examined the day following selection. There were 6/57 small dairy 19 farmers with more than 20 cows where cows were selected for examination as above, on the 20 remaining 51 farms with less than 20 cows all cows (n=422) were examined on the day of the 21
visit. 22
The lesions were recorded by observation of all four feet with the cow standing in a 23 metal crush. The data from each cow were recorded on an individual recording sheet, 24 including the name of the owner, date of the visit, identification of the herd, identification ofthe cow, locomotion score, foot and claw affected, and type and location of the lesion. The 1 definition of the hoof lesions is presented in Table 1 (Greenough and Weaver, 1997). Data  2 were entered into a spread sheet (Microsoft® Excel 2002) and checked for outlying or 3 incorrect data values. 4
Statistical Analysis 5
The number of lesions, the number of different types of lesion and the sum of each 6 type was calculated per cow whose feet were examined and compared with the locomotion 7 score of all these cows. The pattern of correlation of lesions within cow was investigated and 8 those correlated at P<0.05 and r >0.2 were noted. A hierarchical model MLwiN version 2.01 9 (Rasbash et al., 2000) with the continuous outcome variable locomotion score was used to 10 investigate the association between lesion presence and number and locomotion score 11 adjusted for between farm variability and within farm correlation to investigate which lesions 12
were associated with increasing locomotion score (i.e. poorer locomotion). 13
The model took the form 14 Yij = α + βXij + υj + εij 15
Where Yij = the locomotion score of cow i in herd j, α is intercept, the mean locomotion score 16 across farms and cattle and βXij is a series of vectors of lesion types for cowij. The between 17 herd variance was υ and residual error ε. 18
Results

20
There were 39.7%, 42%, 17.9% and 0.4% cows examined that had locomotion scores 21 2, 3, 4 and 5 respectively. Cattle had between zero and eight lesion types across all four feet. 22
The median number of types of lesion was three. The prevalence of lesion type ranged from 23 2% of cattle with an interdigital growth to 65% of cattle with at least one white line lesion.
7
The most prevalent lesions are illustrated in Figure 1 . The number of feet with each lesion 1 varied from 1-4 but was generally less than 3. 2 Not all lesion presence was associated with increasing locomotion score ( Table 2 , 3 Figure 1 ). For example, the percentage of cattle with locomotion score 2 and 4 with at least 4 one white line disease lesion was 64% and 55%, respectively. In contrast, for sole ulcer the 5 respective figures were 11% and 58%, indicating a closer association between the presence of 6 sole ulcer and poorer locomotion. 7
From the multivariable model, the mean (s.e.) locomotion of cattle with a score >1 8 after adjusting for lesions observed was 2.58 (0.06). Cattle with at least one white line lesion, 9 haemorrhage, heel erosion or interdigital dermatitis did not differ significantly in their 10 locomotion from this mean locomotion score (confidence intervals included 0), (Table 4) . 11
However, cattle with at least one sole ulcer double sole or interdigital dermatitis lesion had 12 significantly poorer locomotion with a mean increase in locomotion score of 0.51, 0.17 and 13
1.06 respectively. 14 There were significant correlations between heel horn erosion/interdigital dermatitis 15 and heel horn erosion; between interdigital hyperplasia and interdigital dermatitis and 16 between sole ulcer and double sole. No other coefficients were above 0.20 (Table 3) . sole was rarely present on cows with locomotion score 2 ( Table 2 ) and was associated with 13 increasing locomotion score in the final model independent of sole ulcer (Table 4) . Sole ulcer 14 has recently been reported to cause the greatest drop in milk yield of all common foot lesions 15 in a study investigating lesion specific causes of lameness and reduction in milk yield (Amory 16 et al., 2008) and has been associated with longer calving intervals, longer intervals from 17 calving to first service (Sogstad et al, 2006) and greatest risk of failure to conceive at first 18 service and longer calving intervals (Hultgren et al, 2004) . These poor production indices 19 indicate that the presence of sole ulcer on a bovine hoof strongly suggests that they are 20 causing pain (although even some (11%) sole ulcers did not cause definite lameness (Table  21 2)). 22
In contrast to sole ulcers in the present study, the horn lesions heel horn erosion, white The importance of the results from the current study is to highlight that inferences 8 made on hoof lesions observed from only lame cattle (typically defined as locomotion 3+) 9
will underestimate the prevalence of some lesions e.g. white line disease and digital dermatitis 10 and might over estimate the association of these lesions with lameness. Another important 11 inference is that use of locomotion scoring to identify poor foot health in herds will highlight 12 an increase in the presence of lesions such as sole ulcer but will not necessarily highlight a A more philosophical question might be, does it matter if a cow has a lesion and is not 20 lame -is the presence of any lesion an abnormality? It might be that lesions resolve and never 21 cause lameness and so we need only concern ourselves with lesions that cause lameness. 22
However, it might be that treatment of lesions in non-lame cows prevents them from 23 becoming lame. It might also be that locomotion score is insufficiently sensitive and that 24 these lesions are causing the cows discomfort, but not sufficient discomfort to change their 25 gait (it takes effort and energy to walk abnormally and so a change in gait will only be made 1 when it is less costly than maintaining normal gait). Until longitudinal studies monitor the 2 development of lesions and lameness these questions remain unanswered but very important 3 for herd health. 4
We conclude that the presence of sole ulcer, double sole and interdigital phlegmon 5 was associated with increasing locomotion score in the current study and that recording the 6 presence of these lesions was sufficient to capture this relationship. In contrast, the presence 7 of other lesions was not associated with increasing locomotion score. This suggests that the 8 purpose of the measurement of lesions and locomotion score need to be carefully considered 9 before a research study or health programme is implemented. We still require more 10 information on the importance of foot lesions that are not associated with poor locomotion 11 and the likelihood that they are currently affecting a cow's health or will affect a cow's 12 locomotion in the future. 
